Summary -The effect of Lactobacil/us plantarum ESI 144 as starter adjunct on the chemical, texturai and sensory characteristics of a semi-hard cows' milk cheese was investigated. Lactobacilli lowered cheese pH du ring early manufacture, reducing casein degradation and formation of soluble N. Higher apparent elastic modulus, breaking force and hardness values were recorded for cheeses with added lactobacilli, as a consequence of the less pronounced proteolysis. In cheese made from milk to which Bacil/us subtilis neutral proteinase was added to induce bitter flavour formation, the use of L plantarum as adjunct starter resulted in lower levels of hydrophobie peptides from day 1 and lower bitterness scores throughout ripening.
L plantarum / cheese / proteolysis / texture / bitterness Résumé -L'influence de Lactobacillus plantarum comme levain additionnel sur la saveur et la texture d'un fromage à pâte pressée fabriqué à partir de lait pasteurisé de vache. 
INTRODUCTION
Development of bitterness in cheese has been attributed to the formation and accumulation of bitter peptides from the hydrophobie fragments of caseins by the action of rennet, starter culture or other micro-organisms (Visser, 1977) . The addition of lactobacilli as adjuncts to the starter has been tried as a method to reduce the accumulation of bitter peptides in cheese (Bartels et al, 1987a; Lemieux et al, 1989) .
Heat-and freeze-shocked cultures of Lactobacillus he/veticus ATCC 10797 and CNRZ 32 decreased bitterness and increased proteolysis and f1avour intensity in Gouda cheese (Bartels et al, 1987a, b) . Ardô and Pettersson (1988) reported synergistic effects of the addition of free neutrase and heat-treated L he/veticus CNRZ 303 cultures in the acceleration of Swedish hard cheese ripening. Enhancement of peptidolysis by heat-treated cultures of L he/veticus CNRZ 303 was observed during early maturation in low-fat cheese, with increased cheese f1avour intensity and reduced bitterness (Ardô et al, 1989) .
The use of mesophilic lactobacilli as adjuncts to the starter has also been investigated. The addition of who le cells of L casei subsp casei CNRZ 62 in Cheddar cheese manufacture produced only a slight increase in proteolysis (El Soda et al, 1981) . L casei subsp casei isolates from Cheddar cheese have been suggested as potential strains to accelerate ripening because of their wide ranges of peptidase activity (Arora and Lee, 1990) . Body and texture of Cheddar cheese with added L casei subsp casei strains CV1 A and MIL2B were unaffected, whereas increases in peptide degradation and development of flavour intensity were observed by Broome et al (1990) . Live cells and cell homogenates from L casei subsp casei L2A led to good quality Cheddar cheese with increased flavour intensity (Trépanier et al, 1991 a, b) .
Crude enzyme extracts of L casei subsp casei LLG with active aminopeptidase and proline-specific peptidases hydrolysed two hydrophobic peptides released from asland~-casein in bitter enzyme-modified cheese (Park et al, 1995) . L casei subsp casei L2A accelerated maturation without imparting bitterness to Cheddar cheese, but L p/antarum 99 and L brevis 35.4 produced off-flavours in Cheddar cheese when added as adjuncts to accelerate cheese ripening .
L p/antarum ESI 144, a strain isolated from raw milk cheese, exhibited potential debittering activity in model cheeses (Gomez et al, 1996) . The purpose of the present work was to evaluate its effect on the chemical, texturai and sensory characteristics of a semi-hard cows' milk cheese, with special attention to the debittering activity in cheese enriched in bitter peptides by addition of neutrase, a commercial preparation of Bacil/us subtilis neutral proteinase (BSNP).
MATERIALS AND METHODS

Cheese manufacture
Cheeses were elaborated in duplicate experiments. In each experiment, pasteurised (15 s at 75 OC)cows' milk was divided into four 60-l vats. Milk at 30 "C was inoculated (1%) with a coagulated culture in milk of the mesophilic starter CH-N01 (Chr Hansen-lacta Sl, Madrid, Spain). Vats 2 and 4 were inoculated (1%) with a culture of L plantarum ESI 144 in milk with 0.3% yeast extracl. 30 min after starter and lactobacilli inoculation, Neutrase l (Nova Espaiia SA, Madrid, Spain) was added ta vats 3 and 4 at a final concentration of 0.01 Ansan units (AU)/l and rennet (8 ml Maxiren 1: 15 000 strength v/v; Gist 8ro-cades, Delft, the Netherlands) was added ta each vat of milk. Coagulation took place in 40 min. Curds were cut into 6-ta 8-mm cubes and scalded at 37 "C for 15 min. Four cheeses per vat were obtained, which were pressed for 20 h, salted at 12 "C for 24 h in 15% NaCI brine and ripened at 12 "C for 60 days.
Microbiological analysis
Curd and cheese homogenates and decimal dilutions were prepared as indicated by Fernandez dei Pozo et al (1988) . Total viable counts were determined in duplicate plates of plate count agar incubated at 30 "C for 72 h. Lactobacilli were determinated on duplicate plates of Rogosa Agar (Difco) incubated at 30 "C for 72 h in anaerobiosis.
Chemical analysis
Cheese pH (in duplicate) and dry matter (in triplicate) were determined as previously described (Picon et al, 1995) . N soluble at pH 4.6, in 12% TCA and in 1% PTA were determined in duplicate from homogenates obtained from 20 9 curd or cheese samples as previously described (Gaya et al, 1990) , and expressed as percentages of total N. Residual casein fractions were determined in duplicate by PAGE and expressed as the percentage of the total amount of the respective casein fraction initially present in milk (Picon et al, 1995) . Water soluble fractions of cheese were prepared according to Aston and Creamer (1986) . Hydrophobie and hydrophilic peptides in the water soluble fraction were determined in duplicate by reverse-phase HPLC as described by Lau et al (1991) , with a Beckman System Gold chromatograph (Beckman Instruments Espaiia SA, Madrid, Spain), equipped with a programmable solvent module 126, a diode array detector module 168 and an autosampler 502. Detection was at wavelengths of 214 and 280 nm. Peak with retention times from 8.5 to 14.6 min at 214 nm and from 5.6 to 14.6 min at 280 nm were considered to correspond to hydrophilic peptides and peaks with retention times from 14.6 to 20.5 min at both wavelengths to hydrophobie peptides.
Results were expressed as units of chromatogram area per milligram of cheese dry matter (Picon et al, 1995) .
Texturai measurements
Cheese samples (six determinations per cheese) were compressed after 30 and 60 days of ripening using an Instron Compression Tester 4301 (Instron L1d, High Wycombe, Buckinghamshire, UK) as described by Fernandez dei Pozo et al (1988) . Apparent elastic modulus, cal culated from the slope of the initial part of compression curves, was expressed in Newtons per square millimeter.
Force at breaking point (breaking force) was expressed in Newtons. Hardness, defined as the work done on the cheese after 75% compression, was expressed in joules.
Sensory evaluation
Cheese bitterness, flavour quality and flavour intensity were evaluated after 30 and 60 days of ripening by 11 trained panellists on a 1a-point scale as previously described (Fernandez dei Pozo et al, 1988) .
Statistical treatment of results
Analysis of variance was performed by using program BMDP8V (Department of Biomathematies, UCLA, Los Angeles, CA, USA). Means were compared using the least significant difference test at P= 0.05 (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
Lactobacilli counts and cheese pH
Counts of lactobacilli were 8.6-8.7 log CFU/g in 24-h cheeses made with added adjunct. Their levels increased to a maximum of 9.3-9.4 log CFU/g after 45 days of ripening, and decreased to 8.7-8.8 log CFUlg thereafter.
In cheeses without added adjunct, lactobacilli attained mean values of 7.4-7.6 log CFU/g throughout the ripening period. No significant influence of the addition of BSNP on growth of lactobacilli during ripening was observed. Trépa-nier et al (1992a) found that lactobacilli reached levels of 8.0-9.0 log CFUlg in 1 week Cheddar cheese with initial counts of 6.0-6.7 log CFU/g L casei subsp casei L2A, whereas in control cheese made without added lactobacilli counts of 8.0-9.0 log CFU/g were not reached until week 10. According to McSweeney et al (1994) , numbers of lactobacilli in pasteurised milk cheese made without added lactobacilli increased to 10 5 -1 08/g after 30 weeks of ripening, whereas in cheese made with a mixture of mesophilic lactobacilli as adjunct they reached 10 8 -1 09/g after 2-3 weeks and remained above 10 8 /g throughout the ripening period.
Cheese pH was significantly (P < 0.001) lower in cheese from milk with added L plantarum ESI 144; the pH increased (P < 0.001) as cheese aged (table 1).
During early cheesemaking (0-12 h) pH values in cheese with added lactobacilli were 0.05-0.10 units lower than in cheese without added lactobacilli, indicating that the adjunct metabolised lactose and produced lactic acid. In cheese without BSNP, no significant differences in pH between cheese with and without added lactobacilli were recorded from day 1 to day 15, but pH was significantly lower in cheese with added lactobacilli from day 30 onwards. In cheeses with BSNP, pH was significantly lower in cheese with added lactobacilli than in cheese without added lactobacilli througho ut the entire ripening period (table 1).
L case; subsp case; CV1 A and MIL2B added to milk ( -106CFU/mL) did not affect the development of acidity during Cheddar cheesemaking and ripening (Broome et al, 1990) . However, in Cheddar cheese with added L case; subsp case; L2A ( -2 x 10 5 CFU/mL), pH values after 1 month were significantly lower, with differences of 0.04-0.12 pH units (Trépanier et al, 1991 a) . The addition of live (0.01%) and heat-shocked (1%) L case; subsp casei L2A in cheeses made with BSNP also decreased cheese pH throughout the ripening period (Trépanier et al,1992b) .
Differences in cheese dry matter caused by milk inoculation with lactobacilli were not observed. On the contrary, BSNP addition (P < 0.01) and cheese ageing (P < 0.001) increased cheese dry matter (table 1).
Casein hydrolysis
ln cheeses made without added BSNP, degradation of both asr and~-casein was significantly (P < 0.001) retarded by milk inoculation with L plantarum and enhanced (P < 0.001) by cheese age. Differences in (table Il) . Rennet and plasmin are responsible for the initial hydrolysis of the major caseins in cheese to polypeptides that are further hydrolysed by proteinases and peptidases. Plasmin dissociates from the micelles as the pH is reduced and hydrolyses p-casein in preference to asrcasein (Fox, 1989) . In our work, major differences in casein breakdown were detected during the first 24 h, probably due to the lower pH values in cheese with added lactobacilli which reduced the activity of plasmin, and of BSNP when added. Values of pH in the range 5.0-5.1 were considered unfavourable for BSNP activity in Manchego cheese, as the optimum pH of this proteinase ls close to neutrality (Picon et al, 1995) . No differences in casein degradation were observed in cheese with addition of heattreated L helveticus CNRZ 303 (Ardô and Pettersson, 1988) or with mesophilic lac- tobacilli as adjunct (McSweeney et al, 1994) . However, L plantarum 99 appeared to initially inhibit the action of rennet by slowing down its process of casein degradation in Cheddar cheese made fram milk with 10 5 lactobacilii/mL . No differences in casein degradation were found in Comté cheeses manufactured with different strains of L helveticus and L delbrueckii subsp lactis (Bouton et al, 1994 ).
Formation of soluble N
As expected, N soluble at pH 4.6, in TCA and in PTA increased (P < 0.001) as cheese aged. In cheese made without BSNP, the formation of pH 4.6 soluble N, TCA soluble N and PTA soluble N througho ut ripening (table III) was reduced (P < 0.001) by lactobacilli addition, probably because of the lower pH and the delayed casein hydralysis. N soluble at pH 4.6 was significantly lower in cheese with added lactobacilli than in cheese without added lactobacilli from day 30, N soluble in TCA fram day 45 and N soluble in PTA fram day 15.
Addition of BSNP to milk significantly (P < 0.001) enhanced the formation of pH 4.6 soluble N, TCA soluble N and PTA soluble N (table III) . In BSNP cheeses, addition of L plantarum decreased (P < 0.001) the formation of pH 4.6 soluble N during the second month of ripening, as the lower pH of cheese with added lactobacilli fram day 30 to day 60 would reduce the activity of caseinolytic enzymes. However, TCA soluble N was higher (P < 0.01) in cheese with added lactobacilli, which would be di- rectly responsible for this enhanced proteolytic activity. Finally, PTA soluble N was lower (P < 0.001) in eheese with added lactobacilli, because of an adverse influence of the lower pH on peptidoly1ic activity in cheese and also probably due to the uptake of small peptides and amino acids by lactobacilli. Increased levels of free amino acids were found after 2 months in cheese made with 10 5 L p/antarum 99/ml , or with heat-treated cells of L he /vetieus CNRZ 303 (Ard6 and Pettersson, 1988; Ard6 et al, 1989) . L easei subsp easei l2A also produced higher levels of amino acids during Cheddar cheese ripening Puehades et al, 1989) . A greater concentration of amino acid N was detected in Cheddar cheese with mesophilic lactobacilli as starter adjunct (McSweeney et al, 1994) . Contrary to these results, Ard6 et al (1989) showed no changes in N soluble at pH 4.6 and N soluble in PTA during 13 weeks of ripening in low-fat cheeses made with viable L he/-vetieus cells.
lower pH values detected in our work for cheeses with added lactobacilli could reduce peptide hydrolysis, as reduced aminopeptidase activity has been observed in a more aeidic environment (Frey et al, 1986, Cholette and MeKellar, 1990) . Moreover, large numbers of viable cells added to eheese could incorporate liberated small peptides and ami no acids into cellular components du ring growth (Frey et al, 1986) , th us reducing the concentration of N soluble in PTA detected by analytical methods.
Hydrophobie and hydrophilie peptides
The level of hydrophobie peptides in cheese is eonsidered to be related to bitter f1avour defect. A high proportion of hydrophobie peptides was present in extracts of bitter Cheddar cheese (Champion and Stanley, 1982) . ln cheeses made without BSNP, the amount of hydrophobic and hydrophilic peptides measured at 214 nm and 280 nm (tables IV, V) was lowered (P < 0.001) by lactobacilli addition with signifieant differences from day 1, and inereased by eheese age (P< 0.001). However, the hydrophobic:hydrophilie ratio was higher (P < 0.001) in cheeses with L p/antarum and deereased (P < 0.001) as cheese aged. In eheeses made without BSNP, the level of hydrophobie peptides in 60-day cheese determined at 214 and 280 nm was redueed by 9.4% and 7.8%, respectively, by milk inoculation with Lp/antarum ESI144.
Addition of BSNP to milk significantly (P < 0.001) enhanced the formation of hydrophobic and hydrophilic peptides and increased their ratio, at both deteetion wavelengths (tables IV, V). In cheeses elaborated with BSNP, hydrophobic and hydrophilie peptides at 214 nm and their ratio (table IV) were significantly reduced (P < 0.001) by milk inoculation with L p/antarum. Hydrophobic and hydrophilic peptides at 214 nm inereased (P < 0.001) and their ratio decreased (P < 0.001) as cheese aged. Hydrophobic and hydrophilic peptides determined at 280 nm (table V) were signifieantly (P < 0.001) reduced by milk inoculation with L p/antarum. On the contrary, the hydrophobic:hydrophilic ratio at 280 nm was increased (P < 0.01) by lactobacilli addition. Hydrophobic peptides increased from day 1 to day 30, whereas hydrophilic peptides increased (P < 0.001) their levels until day 60. The hydrophobic:hydrophilie ratio decreased (P < 0.001) throughout ripening. In cheeses made with BSNP, the level of hydrophobic peptides determined at 214 and 280 nm after 60 days was reduced by 20.6 and 20.7%, respectively, by milk inoculation with L p/antarum ESI 144.
TexturaI eharaeteristies
ln cheeses made without addition of BSNP, the apparent elastic modulus, breaking force and hardness determined from the compression curves obtained with the Instron tester (table VI) were significantly (P< 0.001) increased by addition of Lplantarum ESI 144 and by cheese age. Residual lXsrcasein plays a crucial raIe in the stability of the cheese protein network (Creamer and Oison, 1982) . As the degradation of lXsrcasein in cheeses made without BSNP was retarded by the addition of lactobacilli, a firmer texture was obtained.
The addition of BSNP to milk gave rise to a cheese with softer (P < 0.001) texture (table VI) . In BSNP cheese, milk inoculation with lactobacilli resulted in higher (P < 0.01) breaking force and hardness, whereas no significant differences in apparent elastic modulus were detected. However, after 60 days of ripening, texturai characteristics of BSNP cheeses without or with added lactobacilli did not differ significantly.
Sensory characteristics
ln cheeses made without added BSNP, bitterness and f1avour intensity were not influenced by milk inoculation with L plantarum, whereas flavour quality was adversely (P < 0.05) affected (table VII) . Bitterness score was not influenced by cheese age, (Gomez et al, unpublished results) . Peptidase activity of lactobacilli in BSNP cheeses would be responsible for higher levels of TCAsoluble N in cheese with added lactobacilli th an in the respective cheese without added lactobacilli from day 15 onwards (table III) . Bartels et al (1987a) related the reduction in cheese bitterness to lower concentrations of bitter peptides separated by gel permeation chromatography. Removal of bitter taste from slurries of Cheddar cheese curds was associated with a decrease in hydrophobie peptides, determined by RP- 1 Means ot scores trom 11 trained panellists in Iwo cheesemaking trials using a 1a-point scale.
a Signilicantly (P < 0.05) different trom the respective value in cheese made without L plantarum.
HPLC (Cliffe and Law, 1990) . However, reduced bitterness in Emmental cheese attributed to the aminopeptidase activity of L helveticus L 1 was not related with casein degradation or with differences in levels of small peptides and free amino acids (Prost and Chamba, 1994) .
ln BSNP cheeses, no significant effect of milk inoculation with lactobacilli on flavour quality was detected.
Flavour quality increased significantly (P < 0.001) from day 30 to day 60. Milk inoculation with lactobacilli did not decrease f1avour intensity of BSNP cheeses, despite the higher level of residual caseins found in cheeses made with L plantarum as adjunct. Flavour intensity scores did not increase significantly in BSNP cheeses from day 30 to day 60 (table VII).
Lysis of lactobacilli could be a limiting factor in the rate of peptidolysis under the cheesemaking and ripening conditions used in the present work. Maybe 60 days is a too short ripening period for natural Iysis of the lactobacilli to occur in cheese. The stimulating effect of a heat treatment on release of enzyme from lactobacilli was shown to be of a great importance in assuring the desired aminopeptidolysis early in cheese maturation (Ardô et al, 1989) . Increased lactic acid bacteria Iysis has been associated with higher concentrations of amino acids in Cheddar cheese (Crow et al, 1995) , being peptidase leakage an essential event for efficient peptide hydroIysis in cheese.
The combined action of Bacillus subtilis neutral proteinase and of selected strains of lactobacilli may accelerate cheese ripening without enhancing bitterness defect. The use of L plantarum ESI 144 cultures attenuated by heat or freeze-shocking might be required to reduce acidifying activity, maintaining a favourable impact on sensory attributes Iike flavour quality or intensity because of the increase in the debittering activity present in cheese.
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